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Pmnesia for Loss of Consciousness
n Carotid Sinus Syndrome
mplications for Presentation With Falls
teve W. Parry, MBBS, PHD, MRCP,* I. Nick Steen, PHD,† Mary Baptist, RN,*
ose Anne Kenny, MD, FRCP, FRCP(I)*
ewcastle upon Tyne, United Kingdom
OBJECTIVES The goal of this study was to compare the clinical characteristics of patients with carotid sinus
syndrome who presented with falls with those who presented with syncope.
BACKGROUND Carotid sinus syndrome presents with both falls and syncope. The reasons for this differential
presentation are unknown, but amnesia for loss of consciousness may be the underlying cause.
METHODS Two groups of 34 consecutive patients with carotid sinus syndrome as the sole cause of falls
and syncope were recruited. Cognitive function and clinical characteristics were compared
between the two groups.
RESULTS Syncopal subjects with carotid sinus syndrome were more likely to be older males (18 [53%]
vs. 7 [21%] years; p  0.006) with a longer duration of symptoms (27.9 vs. 13.3 months; p
 0.009) and more soft tissue injuries (19 [56%] vs. 9 [26%]; p  0.03). Duration of asystole
during carotid sinus massage was similar in both groups (5.1 vs. 5.4 s; p  0.42), but
witnessed amnesia for loss of consciousness was more frequent in fallers than those with
syncope (21 [95%] vs. 4 [12%]; p  0.001). Clinical characteristics and cognitive function
were otherwise similar in both groups.
CONCLUSIONS Patients with carotid sinus syndrome have similar rates of witnessed loss of consciousness
during laboratory testing regardless of symptoms. However, those presenting with falls are far
less likely to perceive any disturbance of consciousness than those with syncope, showing for
the first time the manner in which such patients manifest symptoms. Cognitive impairment
does not explain the amnesia for loss of consciousness seen in fallers with carotid sinus
syndrome. (J Am Coll Cardiol 2005;45:1840–3) © 2005 by the American College of
ublished by Elsevier Inc. doi:10.1016/j.jacc.2005.02.060Cardiology Foundation
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bardioinhibitory carotid sinus syndrome (CICSS) is tradi-
ionally associated with syncope, but has recently also been
mplicated in the genesis of falls in older patients (1–3).
oth observational (2,3) and intervention (1) studies have
emonstrated this causal role, but the reasons why patients
resent with falls rather than syncope are unclear. This is
ompounded by the frequent absence of witness accounts of
alls; up to 60% of falls in older people are unwitnessed,
aking a corroborative history of loss of consciousness
LOC) less likely (2,4).
Amnesia for LOC is a well-described phenomenon in
atients with epilepsy of all age groups and may be one
xplanation for CICSS presenting as falls in older persons.
n our clinical practice, we noted that fallers often elicited
mnesia for LOC during bradycardia induced in the labo-
atory. Our study objective was to compare the clinical
haracteristics of patients with CICSS who presented with
alls with those who presented with syncope. We hypothe-
ized that amnesia for LOC was an explanation for the
ifference in presentation and that this was due to cognitive
mpairment in patients who presented with falls.
From the *Falls and Syncope Service and Institute for Ageing and Health, Royal
ictoria Infirmary, Newcastle upon Tyne, United Kingdom; and the †Centre for
ealth Services Research, University of Newcastle upon Tyne, Newcastle upon Tyne,
nited Kingdom. Dr. Kenny has received funding for other research studies from
edtronic Inc. This study was funded by the British Heart Foundation.t
Manuscript received September 27, 2004; revised manuscript received February 10,
005, accepted February 14, 2005.ETHODS
articipants. All patients gave informed consent, and the
tudy was approved by our local research ethics committee.
wo groups of patients were recruited. Consecutive patients
ver 60 years of age who were referred to the Falls and
yncope Service for investigation of recurrent, unexplained
alls with no history of syncope, and consecutive patients
ith recurrent syncope with no history of falls, both of
hom had CICSS as the only attributable cause of symp-
oms, were invited to participate.
Cardioinhibitory carotid sinus syndrome was defined as
n asystolic response 3 s during 5 s of carotid sinus
assage (CSM). Bilateral, sequential (right- then left-
ided) CSM was performed initially supine and, if nondi-
gnostic, repeated in the head-up tilt position (at 70°)
uring phasic heart rate and blood pressure monitoring. The
aximum asystolic response was the maximum R-R interval
uring CSM. The vasodepressor response was defined as
he maximum associated drop in systolic blood pressure
uring CSM. After diagnostic massage, no further CSM
as performed in order to minimize the possibility of
eurological complications (5). A nurse and doctor inde-
endently noted whether patients lost consciousness, and
nly patients in whom both agreed that LOC had occurred
ere categorized as LOC. Subjects were not informed
efore the study that they were going to be asked whether
hey had lost consciousness. Immediately on recovery,
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June 7, 2005:1840–3 Carotid Sinus Syndrome: Syncope Versus Fallsatients were asked if they had lost consciousness. All were
sked again when ambulant before leaving the clinic. Pa-
ients who had witnessed LOC but denied LOC were
ategorized as having “amnesia for LOC.” The doctor
esponsible for interpreting the results of CSM was blinded
o mode of symptom presentation.
Exclusions included any other attributable cause of symp-
oms or severe cognitive impairment (mini-mental state
xamination [MMSE] 15 of 30).
nvestigations. Before the attribution of CICSS as the
ause of their symptoms, all subjects were investigated
ccording to the European Society of Cardiology Task
orce recommendations for syncope and the U.S./U.K.
uidelines on falls management (6,7). All subjects had full
ardiac and neurological clinical assessment, 12-lead surface
lectrocardiogram, repeated morning orthostatic blood
ressure assessments, and head-up tilt tests. Where indi-
ated, subjects also had two-dimensional echocardiography,
ntracardiac electrophysiology, exercise stress testing, Holter
onitoring and/or external loop monitoring, and electroen-
ephalography studies.
ognitive function assessment. All subjects had baseline
ognitive function assessment using the MMSE (8). The
MSE is a standard 30-point questionnaire covering ori-
ntation, attention, executive function, and memory. Fifty
f the participants agreed to more detailed cognitive assess-
ent with the Cognitive Drug Research (CDR) comput-
Abbreviations and Acronyms
CICSS  cardioinhibitory carotid sinus syndrome
CSM  carotid sinus massage
LOC  loss of consciousness
MMSE mini-mental state examination
RR  relative risk
able 1. Clinical Characteristics of Fallers and Syncopal Patients
Falls
(n  34)
ean age (yrs) (SD) 76.8 (9.0)
emale 27 (79%)
ean symptom duration in months (SD) 13.4 (15.1)
ean no episodes ever (SD) 14.6 (19.2)
ospital admissions* 10 (29%)
ractures* 8 (24%)
oft tissue injuries* 9 (26%)
ypertension 5 (15%)
ype II diabetes 3 (9%)
steoarthritis 9 (26%)
erebrovascular disease 3 (9%)
OPD 8 (24%)
edications
Polypharmacy 7 (20%)
Cardiovascular 11 (32%)
Psychoactive 4 (12%)
None 6 (18%)Secondary to falls/syncope.
CI  confidence interval; COPD  chronic obstructive pulmonary disease; Polypharmrized test battery—a touch-screen series of neuropsycho-
ogical tests (9). The battery covers all aspects of cognition,
roviding a summary group of five primary cognitive vari-
bles, namely speed of memory processes, quality of episodic
econdary memory, power of attention, continuity of atten-
ion, and quality of working memory. The battery was
dministered in an individual’s home by a neuropsychologist
linded to presenting symptoms.
tatistics. The relative risk (RR) of a patient in the syncope
roup having the attribute has been calculated for all binary
ariables (for example presence or absence of a comorbid
ondition). For each of the continuous variables, means,
Ds, and p values derived from t tests have been calculated,
ith 95% confidence intervals reported for the mean.
nterval estimates of the difference between groups are
rovided to allow a judgement as to whether differences are
ot significant because of sample size or not significant
ecause it is unlikely that there is a clinically relevant
ifference. An RR of 1 implies that both groups are equally
ikely to have a particular attribute or risk factor, while a
alue 1 implies higher risk in the syncopal group.
ESULTS
hirty-four participants were recruited to each group; their
linical characteristics are detailed in Table 1. Both groups
ere of similar age. Syncopal patients were more likely to be
ale, had been symptomatic for a longer period of time, and
xperienced more frequent soft tissue injuries (Table 1).
therwise, the total number of episodes, the consequences
f events, such as hospitalization rates and fractures, pre-
cribed medications (including rates of polypharmacy and
ardiovascular and psychoactive medications), and comor-
idity were similar for fallers and syncopal patients with the
xception of osteoarthritis, which was more common in
allers (Table 1).
Carotid Sinus Syndrome
Syncope
(n  34) p Value Difference (95% CI)
74.7 (9.1) 0.26 2.13 (6.51, 2.27)
16 (47%) 0.006 RR  0.59 (0.40, 0.88)
27.9 (27.6) 0.009 14.5 (3.7, 25.3)
9.6 (18.5) 0.10 5.0 (14.1, 4.1)
9 (26%) 0.77 RR  0.90 (0.42, 1.93)
8 (24%) 1.00 RR  1.00 (0.42, 2.36)
19 (56%) 0.03 RR  2.11 (1.12, 3.98)
10 (29%) 0.24 RR  2.00 (0.76, 5.24)
4 (12%) 1.00 RR  1.33 (0.32, 5.51)
3 (9%) 0.11 RR  0.33 (0.10, 1.13)
3 (9%) 1.00 RR  1.00 (0.22, 4.61)
8 (24%) 1.00 RR  1.00 (0.42, 2.36)
8 (23%) 1.00 RR  1.14 (0.47, 2.80)
14 (41%) 0.62 RR  1.27 (0.68, 2.39)
7 (20%) 0.51 RR  1.75 (0.56, 5.43)
4 (12%) 0.73 RR  0.67 (0.21, 2.15)Withacy  4 prescribed drugs; RR  relative risk.
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Carotid Sinus Syndrome: Syncope Versus Falls June 7, 2005:1840–3The maximum asystolic response during CSM and the
asodepressor response during CSM was the same for both
roups (Table 2). The hypersensitive response was right-
ided in 85% (24 patients) of syncopal patients and 71% (29
atients) fallers (p  NS). In fallers, CSM was more often
iagnostic in the head-up tilt position than when performed
upine (Table 2). Loss of consciousness during diagnostic
SM was more common in fallers, with fallers who lost
onsciousness during CSM being much less likely to recall
nduced LOC than syncopal subjects (Table 2). There was
o disagreement between nurse and doctor on the presence
r absence of LOC during CSM.
ognitive function. There was no difference in the cogni-
ive scores for MMSE assessments or more detailed CDR
ssessments between fallers and syncopal patients (Table 3).
hirty-four fallers and 16 syncopal patients agreed to CDR
esting. There was no difference in clinical characteristics
etween these two groups.
ISCUSSION
mnesia for LOC is the most likely explanation for older
ersons with CICSS presenting with falls rather than
yncope. Other differences in clinical characteristics were
hat fallers were more likely to be female, have a higher
ymptom burden, and suffer comorbid osteoarthritis. The
igher prevalence of amnesia for LOC supports our hypoth-
sis that fallers with CICSS experience a “microsyncopal”
vent leading to their collapse, and subsequently remember
he fall but not the transient LOC that precipitated it.
mnesia for LOC is a well-recognized phenomenon in
pilepsy, transient global amnesia, and concussion (10,11).
t is postulated that the hippocampus and temporal lobes
lay key roles in disruption of the temporary memory store
12). The transitory memory disturbance in these disorders
able 2. Heart Rate and Blood Pressure Responses to Carotid Si
Falls
(n  34)
ean max asystole (s) (SD) 5.1 (1.5)
ean max VD (mm Hg) (SD) 76.7 (35.3)
ight positive CSM 24 (71%)
SM positive upright 20 (59%)
OC during CSM 22 (64%)
mnesia for LOC 21 (95% of LOC)
I  confidence interval; CSM  carotid sinus massage; LOC  loss of conscious
able 3. Cognitive Function in Fallers and Syncopal Patients Wi
CDR Factor
Falls
(n  34)
MSE 26.9 (2.6)
pisodic secondary memory 86.5 (40.1)
orking memory 1.1 (0.48)
peed of memory 6,298 (3,537)
ower of concentration 1,650 (363)
ttention 80.4 (10.5)DR  Cognitive Drug Research test battery; CI  confidence interval; MMSE  minis attributed to ischemia, seizure discharge, migraine, or
oncussion, although clear causal pathophysiology is still
acking (12). As in our CICSS fallers, it is noteworthy that
mnesia for LOC in these disorders is not associated with
mpairment of other aspects of cognitive function.
The ability of a neuron to transmit and store information
s based on the speed and plasticity of its synopsis. The
ippocampus is composed of “soft synopsis” neurons (i.e.,
hose with greater plasticity), while the neocortex is com-
osed of “hard synopsis” (12). A high degree of neuronal
lasticity demands a high quality of metabolites and growth
actors derived from surrounding blood vessels. During an
schemic event, the hippocampal neurons (particularly the
A1 neurons) are vulnerable to cell damage (12) particularly
f cerebral autoregulation is abnormal (13,14). We hypoth-
size that the hippocampus momentarily loses its function
ue to reduced cerebral perfusion during CICSS-induced
ypotension, which explains the transient loss of memory
emonstrated in fallers with CICSS.
Differences in cognitive function clearly did not account
or the amnesia for LOC seen more prominently in fallers.
n alternative explanation may lie in altered cerebral auto-
egulation during bradyarrhythmia-induced symptoms, re-
ulting in transient and selective differences in regional
erebral perfusion and consequent disturbance in awareness
f consciousness. Our group have recently reported altered
erebral autoregulation in patients with CICSS (15). Cere-
ral autoregulation differed significantly between cases and
ontrols for both dynamic and static indexes, while cerebro-
ascular resistance was significantly higher in patients with
ICSS than in controls (15). The magnitude of the
systolic and vasodepressor responses and the laterality of
he maximum asystolic response were similar in both
roups, suggesting that the underlying pathology is similar.
assage
Syncope
(n  34) p Value
Difference Between
Groups (95% CI)
(1.8) 0.42 0.34 (0.48, 1.16)
(32.1) 0.92 0.8 (15.5, 17.1)
(85%) 0.24 RR  1.21 (0.93, 1.56)
(26%) 0.014 RR  0.45 (0.24, 0.84)
(44%) 0.144 RR  0.68 (0.43, 1.07)
(27% of LOC) 0.001 RR  0.28 (0.12, 0.65)
ax  maximum; RR  relative risk; VD  vasodepressor response.
arotid Sinus Syndrome
ncope
 16) p Value
Difference Between
Groups (95% CI)
3 (1.9) 0.06 1.4 (0.8, 2.8)
0 (36.0) 0.35 11.5 (12.9, 35.9)
4 (0.44) 0.13 0.22 (0.07, 0.51)
2 (1,570) 0.22 1,166 (3,032, 700)
0 (377) 0.86 20 (204, 244)
8 (6.5) 0.89 0.4 (5.5, 6.3)nus M
5.4
77.5
29
9
15
4th C
Sy
(n
28.
98.
1.
5,13
1,67
80.-mental state examination.
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June 7, 2005:1840–3 Carotid Sinus Syndrome: Syncope Versus Fallsowever, a higher proportion of fallers had their initial
iagnostic test in the head-upright position, further sup-
orting our hypothesis that compromised cerebral perfusion
econdary to altered cerebral autoregulation underpins am-
esia for LOC.
Syncopal subjects experienced symptoms for more than
wice as long as fallers, and, while fractures and hospital
dmission rates were similar, the syncopal group suffered
ore soft tissue injuries requiring medical attention. The
igher frequency of symptoms in fallers is a possible
xplanation for earlier referral.
Thus, patients with carotid sinus syndrome who present
ith falls rather than syncope are more likely to be female,
ave more frequent symptoms, and have a higher prevalence
f CSM-induced asystole during testing in the upright
osition. Although more liable to experience witnessed
OC during laboratory testing, fallers are less likely to
erceive any disturbance of consciousness after diagnostic
SM, showing clearly, for the first time, the manner in
hich such patients manifest their symptoms.
eprint requests and correspondence: Dr. Steve W. Parry, Royal
ictoria Infirmary, Cardiovascular Investigation Unit, Victoria
ing, Newcastle upon Tyne, Tyne and Wear NE1 4LP, United
ingdom. E-mail steve.parry@nuth.northy.nhs.uk.
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